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Abstract
We investigate SUSY breaking mediated through the deformation of the
space-time geometry due to the backreaction of a nontrivial configuration of
a bulk scalar field. To illustrate its features, we work with a toy model in
which the bulk is four dimensions. Using the superconformal formulation of
SUGRA, we provide a systematic method of deriving the 3D effective action
expressed by the superfields, which can basically be extended to 5D SUGRA
straightforwardly.
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1 Introduction
Supersymmetry (SUSY) is one of the most promising candidates for the extension of the
standard model. When you construct a realistic SUSY model, some mechanism for SUSY
breaking is indispensable because no superparticles have been observed yet. However, in
four dimensions, somewhat complicated set-up is necessary to break SUSY [1].
On the other hand, the brane-world scenario [2, 3] has been attracted much attention
and investigated in various frameworks. For example, some models can solve the gauge
hierarchy problem [3], and some can provide various patterns of gauge symmetry breaking
without the Higgs fields [4]. Especially, the introduction of extra dimensions can provide
a new SUSY breaking mechanism [5, 6].
When we construct the brane-world models, the radii of the extra dimensions have to
be stabilized. One of the popular stabilization mechanisms is proposed in Ref. [7], and
similar mechanisms have also been studied [8]. These mechanisms involve a bulk scalar
field that has a nontrivial field configuration. In such a case, the background geometry
receives the backreaction of the scalar configuration. However, effects of such backreaction
have been neglected in most works. In this paper, we will concentrate on such effects and
investigate the SUSY breaking effects mediated through the deformation of the space-time
geometry due to the backreaction.
Since we would like to focus on the effects of SUSY breaking through the geometry,
we will consider a situation where some scalar field has a non-BPS configuration in the
hidden sector, which decouples from our visible sector. Then, the dominant contribution
to SUSY breaking in the visible sector comes from the geometry-mediated effects. In
this paper, we will suppose that there is only one extra dimension compactified on S1 or
S1/Z2, for simplicity
In order to understand qualitative features of this type of scenario, we will work with a
simplified toy model, in which the bulk space-time is four dimensions (4D) and the effective
theory is three-dimensional (3D). Although the 4D SUSY theories are less restrictive than
the 5D ones and there are some different points between them, both situations have many
common features. So we believe that our work is quite instructive to understand the
characteristic features of the geometry mediated SUSY breaking.
An interesting example of the stabilization mechanisms is proposed in Ref. [9]. In
this article, the authors found a non-BPS solution in the 4D supergravity (SUGRA),
which stabilizes the radius of the extra dimension and simultaneously generates a warped
geometry.
In the following, we will assume the existence of the non-BPS solution in 4D SUGRA,
and derive the 3D effective theory on that background. Because the superfield formalism is
very useful to discuss the phenomenology of the effective theory, we would like to express
the 3D effective action in terms of 3D superfields and the SUSY breaking terms. The
main obstacle to our purpose is how we should define SUSY on the non-BPS background
space-time. To solve this difficulty, the superconformal formulation of 4D SUGRA [10] is
useful. Our strategy is as follows. We will see that 3D global SUSY can be defined on the
gravitational background before the gauge fixing of the superconformal symmetry, even
in the case that the background is non-BPS. So we can write an invariant action under
the superconformal transformations in terms of 3D superfields constructed by that global
SUSY. After the gauge fixing, the global SUSY will be broken and the SUSY breaking
terms will emerge. In other words, SUSY is broken by the gauge fixing conditions in our
method.
The paper is organized as follows. In the next section, we will briefly review the
superconformal approach of 4D SUGRA that is useful for our discussion. Then, we will
rewrite the invariant action in terms of 3D superfields. In Sect. 3, we will impose the
gauge fixing conditions and derive the 3D effective action with the SUSY breaking terms.
Sect. 4 is devoted to the summary and some discussions. Notations we use in this paper
are listed in Appendix A, and a brief comment on the radion superfield is provided in
Appendix B.
2 Action formula
2.1 Superconformal approach of 4D SUGRA
We will consider a 4D N = 1 supergravity model as a bulk theory. For our purpose, the
superconformal approach [10] is useful. The field contents are as follows.
Superconformal gauge fields:
hµ = −e aµ Pa+
1
2
ω abµ Mab+
κ
2
(
ψµQ+ ψ¯µQ¯
)
+bµD+AµA+ϕµS+ ϕ¯µS¯+f
a
µ Ka, (1)
where Pa,Mab, Qα, · · · are the generators of the 4D N = 1 superconformal algebra1,
whose commutation relations are listed in Appendix A.1. A constant κ will be
identified with the gravitational coupling after the gauge fixing (9), but it is just a
constant at this stage. Throughout this paper, we will use a, b, c, · · · for the local
Lorentz indices, and µ, ν, ρ, · · · for the world vector indices.
Other fields form the superconformal multiplets, which are characterized by the Weyl
weight w and the chiral weight n.2
Chiral multiplets (w = 3
2
n):
ΦI = [φI , χIα,F I ], (I = 0, 1, 2, · · · ) (2)
where Σ ≡ ΦI=0 is the compensator multiplet whose Weyl weight is one, while ΦI 6=0
have zero Weyl weights. We will assume that ΦI=1 is a field in the hidden sector,
and its scalar component φh ≡ φI=1 has a nontrivial background configuration φhbg.
The two multiplets ΦI=0,1 are neutral under the gauge group mentioned below. We
will refer to the rest chiral multiplets Φi ≡ ΦI (i = I = 2, 3, · · · ) as the matter
multiplets, and they may be charged under the gauge group.
1The minus sign of the first term is necessary to match our notations to those of Ref.[11].
2The definition of n is different from that of Ref. [10, 12] by a factor of 3
2
.
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(Internal) Gauge multiplet:
The gauge multiplet [Bgµ, λ
g
α, D
g] can be embedded into a real general multiplet V g
with w = n = 0 as
V g = [Cg, ζgα,Hg, e µa Bgµ −
κ
2
(ψaζ
g + ψ¯aζ¯
g), λgα, D
g], (3)
where e µa is an inverse matrix of the vierbein e
a
µ . Using the gauge degrees of
freedom, we can set Cg, ζgα and Hg to zero3. For simplicity, we will assume that
the gauge group is abelian. In order for this gauge symmetry to remain in the 3D
effective theory, it must be represented by a real representation because the 3D
supermultiplets are real. Thus, we will concentrate on the case that the charged
matter fields are doublets for the SO(2) gauge group, and the gauge multiplet is
represented as 2 × 2 matrices on them. From the above gauge multiplet, we can
construct the superfield strength multiplet Wgα, which is a chiral multiplet with an
external spinor index α, as
Wgα =
[
−iλgα,
1√
2
{
δ βα D
g − i (σab) β
α
Fˆ gab
}
,
(
σaDaλ¯g
)
α
]
, (4)
where
Fˆ gµν ≡ ∂µBgν − i
(
ψµσν λ¯
g + ψ¯µσ¯νλ
g
)− (µ↔ ν),
Dµλgα = ∂µλgα +
1
2
ω abµ (σabλ
g)α − iψµαDg −
(
σabψµ
)
α
Fˆ gab −
3
2
bµλ
g
α + iAµλ
g
α. (5)
The multiplication laws of the above multiplets can be read off from Ref. [12]. Some of
them are listed in Appendix A.1.
In order to identify Pa with the generator of the general coordinate transformation,
some constraints are imposed on the field strengths of the gauge fields in Eq.(1). Then,
ω abµ , ϕµ and f
a
µ becomes dependent fields, i.e., they can be expressed in terms of e
a
µ ,
ψαµ , Aµ and bµ. This corresponds to a deformation of the original superconformal algebra.
We can construct an invariant action under the deformed superconformal transforma-
tion by using the action formulae, which are listed in Appendix A.1.
S =
∫
d4x
[
G(Φ¯,Φ) + Γ(Φ¯,Φ, V g)
]
D
+
∫
d4x [W (Φ)]F +
∫
d4x
[
1
4
tr (WgαWgα)
]
F
, (6)
where Γ is a function determined so that G+ Γ is SO(2)-gauge invariant4, and
G(Φ¯,Φ) ≡ −Σ¯Σ exp
{
−κ
2
3
∑
I 6=0
Φ¯I¯ΦI
}
,
W (Φ) ≡
(
2
3
)3/2
κ3Σ3P (Φ). (7)
3This corresponds to the Wess-Zumino gauge in the global SUSY gauge theory.
4Determination of Γ is explained in Ref. [11].
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Here, we have assumed that the Ka¨hler potential is minimal, and the superpotential P (Φ)
has a form:
P (Φ) = Phid(Φ
h) + Pvis(Φ
i). (8)
This corresponds to the assumption that the visible sector is decoupled from the hidden
sector. In Eq.(6), the physical fields ΦI (I 6= 0) and the gravitino ψµ will be canonically
normalized ones after the following gauge fixing.
Finally, we can obtain the Poincare´ SUGRA action by fixing the gauge of the super-
conformal symmetry,
φΣ =
√
3
2
κ−1 exp
{
κ2
6
∑
I 6=0
φ¯I¯φI
}
, (D, A-gauge fixing)
χΣα =
κ2
3
φΣ
∑
I 6=0
φ¯I¯χIα, (S-gauge fixing)
bµ = 0. (K-gauge fixing) (9)
By this gauge fixing, κ is identified with the gravitational coupling, i.e., the inverse of the
4D Planck massMpl. The derivation of these gauge fixing conditions is briefly commented
in Appendix A.1. After integrating out the auxiliary fields, we can check that the resulting
action is identical to the one in Ref. [11].
2.2 Action on the gravitational background
Throughout the paper, we will choose the x2-direction as the extra dimension. So, m,n =
0, 1, 3 denote the 3D vector indices and y ≡ x2 is the coordinate of the extra dimension
compactified on S1 (or S1/Z2). We will use the letters with underbar for the local Lorentz
indices, and those without the underbar for the world vector indices.
The background metric is assumed to be of the form:
ds2 = gµνdx
µdxν = e2A(y)ηmndx
mdxn + dy2. (10)
Since we are not interested in the gravitational interactions in the 3D effective the-
ory, we will freeze the gravitational multiplet to its background value in the following
discussion.
〈e aµ 〉 = diag
(
eA, eA, 1, eA
)
,
〈ψαµ〉 = 0,
〈Am〉 = 0,
〈Ay〉 = κ
2
2
Im
(
φ¯hbgφ˙
h
bg
)
, (11)
where the dot denotes the derivative with respective to y. In the last equation, we have
used the equation of motion for Ay. Note that Aµ, the gauge field of U(1)A, is an auxiliary
4
field since it does not have a kinetic term. Furthermore, we will drop the dependence on bµ,
the gauge field of the dilatation D, in the following calculation because it will eventually
be set to zero by the gauge fixing condition in Eq.(9).
Then, the action (6) becomes
Sbg =
∫
d4x e
[
C
3
R +D +
{
F + 1
4
trFW + h.c.
}]
. (12)
Here, e ≡ det(e aµ ) and the Ricci scalar R are their background values.
e = e3A,
R = 6(A¨+ 2A˙2). (13)
From the multiplication laws of the superconformal multiplets, we can compute each
components as
C = G(φ¯, φ),
D = GIJ¯
{
−2Dµφ¯J¯DµφI − iχIσaDaχ¯J¯ − iχ¯J¯ σ¯aDaχI + 2F¯ J¯F I
}
+GIJK¯
{
iχJσaχ¯K¯DaφI − F¯ K¯
(
χIχJ
)}
+GIJ¯K¯
{
iχ¯K¯ σ¯aχIDaφ¯J¯ −F I
(
χ¯J¯ χ¯K¯
)}
+
1
2
GIJK¯L¯
(
χIχJ
) (
χ¯K¯ χ¯L¯
)
+2
√
2i
{
D
SO(2)
I λ
gχI −DSO(2)
I¯
λ¯gχ¯J¯
}
+ 2DSO(2)Dg,
F = WIF I − 1
2
WIJχ
IχJ ,
FW = (Dg)2 − 1
2
F gµνF gµν −
i
4
ǫµνρσF gµνF
g
ρσ − 2iλgσaDaλ¯g, (14)
where G(φ¯, φ) andW (φ) are functions defined in Eq.(7), F gµν ≡ ∂µBgν−∂νBgµ is the ordinary
field strength, and DSO(2) is the Killing potential for the SO(2) isometry of the Ka¨hler
manifold determined by G(φ¯, φ) [11]. The subscripts I, J, · · · denote the derivatives with
respective to the corresponding scalar fields. The covariant derivatives are defined as
DµφI ≡ ∂µφI + igBgµφI
DµχIα ≡ ∂µχIα + igBgµχIα +
1
2
ω abµ
(
σabχ
I
)
α
, (15)
where g represents the corresponding charge for the SO(2) gauge group, and ω abµ is the
spin connection. Here, we have taken the Wess-Zumino gauge.
2.3 Global SUSY transformation and superfields
We will rewrite the action (12) on the 3D N = 1 superspace (xm, y, θα), where θ is a
Grassmannian coordinate that is a 3D Majorana spinor.
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2.3.1 The case of 〈Ay〉 = 0
First, we will consider the case of 〈Ay〉 = 0. Let us consider a superconformal transfor-
mation δ that preserves the gravitational background (11). Namely,
δ = δQ(ǫ) + δD(λD) + δA(ϑA) + δS(η) + δK(ξK). (16)
with
ǫα =
ieiϑ0√
2
e
A
2 ǫ0α,
ηα =
1
2
A˙
(
σ2ǫ¯
)
α
,
λD = ϑA = ξKµ = 0, (17)
where ǫ0 is a constant 3D Majorana spinor ((ǫ
α
0 )
∗ = ǫα0 ), and ϑ0 is a constant phase. The
transformation law of the gravitational multiplet is listed in Appendix A.1.
We can easily see that δ(ǫ0) satisfies the 3D N = 1 SUSY algebra. So we can iden-
tify δ(ǫ0) with global 3D SUSY transformation. Since δ(ǫ0) preserves the gravitational
background, the action Sbg in Eq.(12) is invariant under it. This ensures that Sbg can be
rewritten in terms of the superfields constructed by δ(ǫ0).
We can construct superfields as follows.
ϕI ≡ eδ(θ)φI ,
ρα ≡ eδ(θ)ζg1α,
σ ≡ eδ(θ) 1
2
(−Bgy +Mg), (18)
where 3D Majorana spinor ζg1 and the real scalar M
g are defined as
ζgα ≡ e
−iϑ0
√
2
(ζgα1 + iζ
gα
2 ) ,
Hg ≡ e
−2iϑ0
2
(Mg + iNg) . (19)
It is easy to check that a global transformation induced by the differential operator:
Qˆα =
∂
∂θα
+ i
(
γ
m
(3)θ
)
α
∂m (20)
is identical to the above defined global SUSY transformation δ(ǫ0).
We can also construct a superfield eδ(θ)Cg, but this is completely eliminated after
taking the Wess-Zumino gauge and the further 4D gauge transformation [13]. In this
gauge, we can obtain the following expressions.
ϕI(x, θ) ≡ φI + eiϑ0eA2 θχI + e
A
2
θ2f I ,
ρα(x, θ) ≡ −ieA2
(
γm(3)θ
)
α
Bgm − eAθ2λg2α,
σ(x, θ) ≡ −Bgy + e
A
2 θλg1 −
1
2
eAθ2Dg, (21)
6
where γm(3) ≡ e mn γn(3),
f I ≡ i
(
∂yφ
I + igBgyφ
I + e2iϑ0F I + wA˙φI
)
, (w: Weyl weight) (22)
and 3D Majorana spinors λg1 and λ
g
2 are defined as
λgα ≡ e
iϑ0
√
2
(λgα1 + iλ
gα
2 ) . (23)
Here and hereafter, we will use the 3D notations for spinors, which are listed in Ap-
pendix A.2. The superfield ϕI , which is constructed from the chiral multiplet, is a 3D
scalar superfield, and ρ and σ are the 3D gauge superfield and the gauge scalar superfield,
respectively. After fixing the background as Eq.(11), the action still has the 3D super-
gauge symmetry. Under its transformation δsg, the above superfields are transformed
as
δsgϕI = igΩϕI ,
δsgρα = −e−A2 DθαΩ,
δsgσ = ∂yΩ, (24)
where
Dθα ≡ ∂
∂θα
− i
(
γm(3)θ
)
α
∂m, (25)
and the transformation parameter Ω is a 3D real scalar superfield. From these transfor-
mation properties, we can construct the following supergauge covariant derivatives.
Dα ≡ Dθα + igeA2 ρα,
∇y ≡ ∂y − igσ. (26)
The gauge invariant quantities under Eq.(24) are
wgα ≡
1
4
e−AD2θρα +
i
2
(
γm(3)∂mρ
)
α
= λg2α + e
A
2
(
γmn(3) θ
)
α
F gmn −
i
2
eAθ2
(
γm(3)∂mλ
g
2
)
α
,
ugα ≡ e−
A
2 Dθασ +
(
∂y +
A˙
2
)
ρα
= λg1α − e
A
2 θαD
g + ie
A
2
(
γm(3)θ
)
α
(
∂mB
g
y − ∂yBgm
)
+eAθ2
{
i
2
(
γm(3)∂mλ
g
1
)
α
−
(
∂y +
3
2
A˙
)
λg2α
}
. (27)
Here, wg is the 3D superfield strength.
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Using these superfields, we can rewrite the action (12) as
Sbg =
∫
d4x
∫
d2θ
[
2eAGIJ¯D
αϕ¯J¯Dαϕ
I + 4e2AIm
{
GI∇yϕI + e−2iϑ0W (ϕ)
}
+
e2A
2
tr
{
(ug)2 − (wg)2}] . (28)
This corresponds to an extended version of the formula in Ref. [13] to the warped geometry.
We can explicitly check that the above expression reproduces Eq.(12) with Eqs.(13), (14)
up to total derivative terms by performing the θ-integration.
It should be noted that the above action is the expression before the superconformal
gauge fixing (9). Thus, it is not yet the SUGRA action at this stage.
2.3.2 The case of 〈Ay〉 6= 0
Now, we will extend Eq.(28) to the case that 〈Ay〉 6= 0. Notice that we can move to
the gauge where 〈Ay〉 = 0 by using the U(1)A-transformation, while keeping the other
backgrounds unchanged. In this gauge, each field is rotated by its chiral weight with the
parameter:
ϑA(y) = −
∫ y
dz 〈Ay〉(z). (29)
An integration constant can be absorbed into the constant phase ϑ0. If we reconstruct
3D superfields by using the rotated bulk fields, the expression of Sbg becomes the same
form as Eq.(28). Thus, we can obtain the desired 〈Ay〉-dependent action by re-expressing
each component field in Eq.(28) in terms of the original ones, namely, by replacing each
fields in Eq.(28) with the rotated ones with the parameter ϑA.
The rotated scalar superfield is
ϕI = e−
2w
3
iϑA
{
φI + eiϑAe
A
2 θχI +
i
2
eAθ2
(
∂yφ
I + igBgyφ
I +
2w
3
i〈Ay〉φI + e2iϑAF I + wA˙φI
)}
.
(30)
Here, note that the chiral weight of the chiral multiplet is equal to 2w
3
.
Unlike the chiral multiplet5, the 4D gauge multiplet must be decomposed into two
different types of the 3D real multiplets to form the 3D superfields. So, the U(1)A-
rotation of the 4D complex field corresponds to the mixing between two 3D real fields.
For example, λg1 and λ
g
2 are mixed under the U(1)A-rotation. This mixing breaks the global
SUSY because they belong to different supermultiplets. In fact, since the mixing angle ϑA
is y-dependent, the gaugino mass term appears from the y-derivative in the definition of
ug in Eq.(27). This is very similar to the Scherk-Schwarz (SS) SUSY breaking in the
flat space-time [5]. However, SUSY breaking due to the non-zero 〈Ay〉 are different from
the SS breaking in the following points. First, U(1)A is not a symmetry of the theory
after the gauge fixing (9). So it is independent of U(1)R symmetry that is relevant to
5The chiral multiplet is also decomposed into two real multiplets, but these are the same type of the
multiplet, i.e., the scalar multiplet. So we can treat them as one complex scalar multiplet.
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the SS breaking. Second, 〈Ay〉 is not an input parameter as in the SS mechanism, but
is determined by the hidden sector dynamics, which also induces another types of SUSY
breaking terms through the deformation of the warp factor as will be seen in Sect. 3.2.
As a result, Eq.(28) is modified as
Sbg =
∫
d4x
∫
d2θ
[
2eAGIJ¯D
αϕ¯J¯Dαϕ
I + 4e2AIm
{
GI∇yϕI + e−2iθAW (ϕ)
}
+
8
3
e2A〈Ay〉G+ e
2A
2
tr
{
T−1 (ug)2 − T (wg)2}] , (31)
where ϕI is redefined as
ϕI ≡ φI + eiϑAeA2 θχI + i
2
eAθ2
(
∂yφ
I + igBgyφ
I +
2w
3
i〈Ay〉φI + e2iϑAF I + wA˙φI
)
, (32)
and
T ≡ 1 + eAθ2〈Ay〉 (33)
is a spurion superfield, which can be interpreted as a background value of the radion
superfield mentioned in Appendix B.
Eq.(31) has a similar form to the expression in Ref. [14], but note that the latter is a
result after the superconformal gauge fixing.
3 Gauge fixing and SUSY breaking
3.1 Deviation from SUSY limit
To discuss SUSY breaking, we should consider the supersymmetric limit first. When the
background is a BPS configuration, a half of the bulk SUSY is conserved. In this case,
the direction of the conserved SUSY is parametrized by the Killing spinor ǫα(y), which is
determined by the background configuration. Here, we will parametrize the Killing spinor
as
ǫα = ieiϑ |ǫα| . (34)
The BPS equations are obtained as follows by requiring the local SUSY transforma-
tion6 of the fermionic fields to vanish [9].
A˙ = −κ2e−2iϑeκ
2
2 |φh|2Phid,
φ˙h = e2iϑe
κ2
2 |φh|2
(
∂P¯hid
∂φ¯h
+ κ2φhbgP¯hid
)
˙|ǫα| = A˙
2
|ǫα| ,
ϑ˙ = −κ
2
2
Im
(
φ¯hφ˙h
)
. (35)
6The local SUSY transformation is obtained by requiring that it preserves the gauge fixing condi-
tions (9).
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Here, we have supposed that only φh has a nontrivial field configuration among the phys-
ical scalar fields.
By solving the third equation, the Killing spinor can be written as
ǫα =
ieiϑ√
2
e
A
2 ǫ0α, (36)
where ǫ0 is a constant 3D Majorana spinor. Note that R.H.S. of the last equation in
Eq.(35) is equal to −〈Ay〉. (See Eq.(11).) This means that ϑA in Eq.(29) can be inter-
preted as the phase of the Killing spinor ϑ when the background is BPS. Thus, from the
first two equations in Eq.(35), we can define the following two functions to characterize
the deviation from the SUSY limit.
fGbg =
A˙
κ2
+ e−2iϑAe
κ2
2 |φhbg|2P¯hid,
fhbg = φ˙
h
bg − e2iϑAe
κ2
2 |φhbg|2
{
∂P¯hid
∂φ¯h
(φhbg) + κ
2φhbgP¯hid(φ
h
bg)
}
. (37)
From Eq.(31), we can see that 〈Ay〉 also characterizes the magnitude of SUSY breaking.
Therefore, we will refer to these three functions as the SUSY-breaking functions in the
following.
3.2 Gauge fixing and κ-expansion
To obtain the action, we have to fix the redundant superconformal gauge symmetry.
However, the gauge fixing conditions (9) are not invariant under the global SUSY trans-
formation δ(ǫ0). Thus it will be broken after the gauge fixing.
Practically, it is enough to calculate the action up to the next leading order in the
κ-expansion. In order to count the power of κ in the calculation, it is convenient to
decompose ϕΣ as
ϕΣ = φΣbg + ϕ˜
Σ, (38)
where
φΣbg ≡
√
3
2
κ−1e
κ2
6 |φhbg|2 (39)
is the background value of φΣ. Then, only φΣbg reduces the power of κ.
φΣbg = O(κ−1),
ϕI 6=0 = O(κ0),
φ˙Σbg, ϕ˜
Σ = O(κ). (40)
The action is calculated from Eq.(31) with
G = −ϕ¯Σ¯ϕΣ exp
{
−κ
2
3
∑
I 6=0
ϕ¯I¯ϕI
}
,
W =
(
2
3
)3/2
κ3
(
ϕΣ
)3 {
Phid(ϕ
h) + Pvis(ϕ
i)
}
, (41)
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and rewriting the components of ϕ˜Σ in terms of the physical fields by using the gauge
fixing conditions (9).
Since we are interested only in the visible sector, we will replace ϕh with its background
value
ϕhbg = φ
h
bg +
eA
2
θ2fhbg, (42)
where fhbg is defined in Eq.(37), and ignore the fluctuation modes around it.
Then, the resulting action in the visible sector is obtained as follows.
Svis =
∫
d4x
∫
d2θ
[
eA
∑
i
Dαϕ¯i¯Dαϕ
i + 4e2AIm
{
1
2
∑
i
ϕ¯i¯∇yϕi + eκ
2
2 |φhbg|2Pvis(ϕi)
}
+
4
3
e2A〈Ay〉
∑
i
ϕ¯i¯ϕi
]
+κ2
∫
d4x e3A
[
Im
{
−2
∑
i
fGbgφ
if¯ i¯ + 6fˆΣbgPvis −
4〈Ay〉
3κ2
(
3Pvis −
∑
i
φi
∂Pvis
∂φi
)}
−〈Ay〉
2κ2
tr
{
(λg1)
2
+ (λg2)
2
}
+ · · ·
]
+O(κ4), (43)
where the ellipsis in the last line denotes quartic or higher terms. The function fˆΣbg(y) is
defined as
fˆΣbg ≡
i
3
{
φ¯hbgf
h
bg + 3f
G
bg
}
(44)
and corresponds to the f -term of the background value of ϕΣ,
ϕΣbg = φ
Σ
bg
(
1 + κ2
eA
2
θ2fˆΣbg
)
. (45)
Note that 〈Ay〉 = O(κ2). The action at the lowest order O(κ0) is manifestly supersym-
metric because it is written only by the superfields. This is a trivial result since SUSY
breaking effects are mediated only through the space-time geometry, i.e., the gravitational
effect.
Note that the gauge fixing conditions (9) is not invariant under δ(ǫ0) even in the
case that the background configuration is BPS. This reflects the fact that the SUGRA
action cannot be expressed only by the superfields. So there are also the SUGRA terms
besides the SUSY breaking terms among terms that cannot be written by the superfields
in Eq.(43). Such SUGRA terms appear in the quartic or higher terms. Therefore, the
quadratic and cubic terms in the third and fourth lines of Eq.(43) are purely SUSY
breaking terms. These terms will be important as the soft SUSY-breaking terms when
we extend our discussion to the 4D effective theory of 5D SUGRA.
Note also that all SUSY breaking terms should be associated with at least one of the
SUSY-breaking functions fhbg, f
G
bg, 〈Ay〉. Therefore, we may pick up only terms involving
such functions in order to obtain the SUSY-breaking terms. Other terms are ensured to
be cancelled with each other. This simplifies somewhat tedious calculations in the gauge
fixing procedure.
11
3.3 Example of non-BPS configuration
For a specific example of the non-BPS backgrounds, we will take a configuration discussed
in Ref. [9].
3.3.1 Properties of the background
In Ref. [9], a topological winding number is introduced to stabilize the non-BPS configu-
ration along the S1-compactified extra dimension. However, a periodic solution with no
winding is also possible in the case that the extra dimension is compactified on S1/Z2.
The configuration corresponds to the coexistence of a BPS domain wall at y = 0 and
an anti-BPS wall at y = πr. We will refer to the 3D hyperplanes at y = 0, πr as the
“boundaries” despite the S1-compactification as the authors of Ref. [9] do.
The radius of the extra dimension r is stabilized by the scalar configuration, and its
size is determined by the tensions on the 3D boundaries7. For example, for a unit winding
solution,
πr ∼ 1
Λ
ln
Λ4
κ2τ 20
, (46)
where Λ is a characteristic mass scale of the potential for φh, and τ0 is the boundary tension
at y = 08. Here, we have used the weak-gravity approximation [9]. In this approximation,
the warp factor A(y) is calculated as
A(y) = A0 − κ
2τ0
4
y + · · · , (47)
where A0 is a normalization constant and the ellipsis denotes the higher-order corrections
in κ.
In the limit of r → ∞ (or τ0 → 0), the configuration around y = 0 approaches to a
BPS solution with ϑ = 0 and 3D N = 1 SUSY is recovered.
In this model, the scalar configuration φhbg is real and thus 〈Ay〉 = 0. So the gaugino
mass is not induced on this background.
3.3.2 Mode expansion
Since we are interested in the low-energy effective theory, we will focus on the zero-modes
of the bulk fields. We will introduce the kink mass terms.
Pvis(ϕ
i) =
∑
i
miε(y)(ϕ
i)2 + (interaction terms), (48)
7The model in Ref. [9] does not introduce any boundary fields, but admits positive and negative
tensions on the boundaries.
8The tension on the other boundary τpir must be negative and its magnitude is determined by τ0. The
fine tuning between τ0 and τpir corresponds to the assumption of the vanishing cosmological constant in
the 3D effective theory.
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where mi > 0 are the mass parameters and the function ε(y) is defined as
ε(y) =


1 for 0 < y < πr,
0 for y = 0,±πr,
−1 for −πr < y < 0.
(49)
Here,we have assumed that ϕi is gauge-singlet for simplicity. The extension to the charged
matter case is straightforward.
Then, the fermionic component of ϕi is expanded as
χi(xm, y) =
1√
2
{
uiR0(y)χ
i
R0(x
m) + iuiI0(y)χ
i
I0(x
m)
}
+ (massive modes). (50)
The mode-functions are obtained by solving the linearized equations of motion. For
example, those of the zero-modes are
uiR0(y) = C
i
Re
− 3
2
A(y)e−mi|y|,
uiI0(y) = C
i
Ie
− 3
2
A(y)emi|y|, (51)
where CR and CI are the normalization constants determined by∫
dy e2A
(
uiR0
)2
=
∫
dy e2A
(
uiI0
)2
= 1. (52)
Depending on the value of mi, the zero-mode χ
i
R0 can be localized around y = 0.
As mentioned above, 3D N = 1 SUSY characterized by ϑ = 0 is a good symmetry
around y = 0 when the radius r is large. Thus, if uiR0 is localized around y = 0, χ
i
R0 forms
a supermultiplet for that SUSY. Namely, it is useful to define a 3D superfield:
ϕi0(x
m, θ) = ai0(x
m) + θχiR0(x
m) +
1
2
θ2f i0(x
m). (53)
On the other hand, uiI0 is localized around y = πr, and an opposite half of the bulk
SUSY characterized by ϑ = −π is a good symmetry there. So χiI0 forms a supermultiplet
for this SUSY.
ϕ′i0 (x
m, θ′) = a′i0 (x
m) + θ′χiI0(x
m) +
1
2
θ′2f ′i0 (x
m). (54)
Using the method used in Ref. [15], we can see that the zero-modes are embedded into
the bulk field ϕi as
ϕi(xm, y, θ) =
e
A
2√
2
{
uiR0(y)ϕ
i
0(x
m, θ) + uiI0(y + ie
Aθ22)ϕ
′i
0 (x
m, iθ)
}
+(massive modes). (55)
From this expression,
Im
(
φif¯ i
)
= −e
A
2
2
(
uiR0∂yu
i
I0
)
φi0φ
′i
0 −
e
A
2
2
uiI0∂yu
i
I0(φ
′i
0 )
2 + · · · , (56)
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where the ellipsis denotes terms involving massive Kaluza-Klein modes. Thus, the first
term in the third line of Eq.(43) gives mixing terms between the scalar modes localized
on the different boundaries9.
Since we do not suppose any mechanism for localization of the gauge field, the mode
expansion of the gauge supermultiplet is trivial.
ρα(xm, y, θ) =
1√
2πr
ρα0 (x
m, θ)
+
∞∑
n=1
1√
πr
{
cos
ny
r
· ρα(n+)(xm, θ) + sin
ny
r
· ρα(n−)(xm, θ)
}
,
σ(xm, y, θ) =
e−
A
2√
2πr
σ0(x
m, θ)
+
∞∑
n=1
e−
A
2√
πr
{
cos
ny
r
· σ(n+)(xm, θ) + sin ny
r
· σ(n−)(xm, θ)
}
. (57)
The signs in the label of the 3D superfields denote the parity under y → −y. The
normalization factors should be modified in the case of the orbifold compactification.
Plugging these expressions into Eq.(43) and performing the y-integration, we can
obtain the desired action for the visible sector.
3.3.3 SUSY-breaking scales in the effective theory
In this example, scales introduced in the bulk theory are the Planck scale Mpl, the kink
mass parameters mi, the characteristic scale of the hidden sector dynamics Λ and the
compactification scale r−1 (or the tension scale τ
1/3
0 ). From Eq.(43), the SUSY-breaking
scalar masses in the 3D effective theory have a form of
m2S = κ
2Λ3miα(mi,Λ, r), (58)
where α(mi,Λ, r) is a dimensionless function expressed by the overlap integral of the
mode-functions and the SUSY-breaking functions fhbg, f
G
bg. For large r, its asymptotic
form is
α(mi,Λ, r) ∼ e−c(mi)Λr, (59)
where c(mi) is a positive number depending on the strength of the localization of the
mode-functions.
The gaugino mass mg does not appear at tree-level. However, if the background
configuration has a non-zero 〈Ay〉, it will appear through the spurion superfield T in
Eq.(31). For instance, if arg(φhbg) varies with O(1) amplitude as y goes from 0 to πr, it is
roughly estimated as
mg =
∫
dy
e3A〈Ay〉
2πr
∼ κ2Λ3. (60)
9Note that fGbg is real in this model.
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Here, we have used the kink mass terms to localize the zero-modes of the matter fields.
We can also localize them by introducing the coupling between the matters and φh, just
like the fat brane scenario [16]. In this case, however, the SUSY-breaking masses arise
through the direct coupling to φh as discussed in Ref. [15], and they become the dominant
SUSY-breaking effects in the visible sector. So we do not consider such a possibility in
this paper.
3.4 Orbifold compactification
Before ending this section, we will briefly comment on the case that the extra dimension
is compactified on the orbifold S1/Z2. The Z2-transformation is y → −y, and the fixed-
point boundaries are at y = 0 and y = πr. Under the Z2 transformation, each field is
transformed as follows.
Scalar field φ :
φ(xm, y)→ Πφφ¯(xm,−y). (61)
Spinor field χα :
χα(xm, y)→ Πχχ¯α˙(xm,−y). (62)
Note that there is no distinction between the dotted and undotted indices in three
dimensions. So the orbifold identification is consistent on the 3D boundaries.
Vector field Bgµ :
Bgm(x
m, y) → ΠBBgm(xm,−y),
Bgy(x
m, y) → −ΠBBgy(xm,−y). (63)
Πφ, Πχ and ΠB are the eigenvalues of the Z2-parity for the corresponding fields. ΠB
must be chosen to +1 in order for the effective theory to have the 3D gauge field. Note that
Bgy can be eliminated completely in this case. As mentioned in Ref. [13], we can eliminate
Bgy except its zero-mode by using the 4D gauge transformation, and the zero-mode is
projected out by the orbifold identification.
From the above transformation properties, the orbifold identification explicitly breaks
the bulk 4D N = 1 SUSY to 3D N = 1 SUSY.
If we assume the Z2-parity eigenvalues for each field as
Π = +1 : φI 6=1, χI 6=1, Bgµ
Π = −1 : φI=1, χI=1, λg, (64)
the non-BPS solution of Ref. [9] is allowed. In this case, a a half of the bulk SUSY is
explicitly broken by the orbifold projection, and the rest of it is broken by the non-BPS
background.
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4 Summary and discussions
We have discussed the effects of SUSY breaking mediated by the deformation of the
space-time geometry due to the backreaction of a bulk scalar field. Since the superfield
formalism is very useful, we derived the effective action expressed by the superfields and
the SUSY breaking terms. The main obstacle in this procedure is the fact that we cannot
define the supersymmetry on the non-BPS background geometry in the ordinary sense.
We have solved this difficulty by defining the global SUSY before the gauge fixing of the
superconformal symmetry. Since this SUSY transformation does not preserve the gauge
fixing conditions, the effective theory has SUSY breaking terms. Namely, in our method,
SUSY is broken by the gauge fixing conditions.
Let us summarize the procedure to obtain the effective action. We have assumed the
existence of the non-BPS solution in the 4D SUGRA model.
1. Define 3D global SUSY transformation that preserves the gravitational background.
2. Construct superfields by using the above transformation.
3. Rewrite the action on the gravitational background in terms of the superfields.
4. Rewrite the components of the compensator superfield in terms of the physical fields
by the gauge fixing conditions.
5. Substitute the mode-expanded expressions and perform the y-integration, then we
can obtain the effective action.
At Step 4, we have dropped the fluctuation modes of the hidden sector field ΦI=1 around
the background because we are interested only in the visible sector.
Note that all the SUSY breaking terms involve at least one of the SUSY-breaking
functions fhbg, f
G
bg and 〈Ay〉. In Eq.(43), SUSY breaking scalar masses and scalar trilinear
couplings come from only the superpotential of the bulk 4D theory, but this is due to the
assumption that the Ka¨hler potential is minimal. Since the compensator multiplet does
not couple to the superfield strength multiplet, no gaugino mass arises from the deformed
geometry if 〈Ay〉 = 0.
Eq.(43) shows that there is no BPS solution with 〈Ay〉 6= 0. In other words, if we
consider the case of 〈Ay〉 6= 0, the corresponding background is necessarily non-BPS, and
fhbg and f
G
bg also do not vanish.
Scales introduced in the bulk theory are the 4D Planck scaleMpl, the mass parameters
for the matter fields mi, the characteristic scale of the hidden sector dynamics Λ, and the
compactification scale r−1. In terms of these scales, the SUSY-breaking scalar masses
induced in the visible sector have a form of
m2S =
Λ3mi
M2pl
α(mi,Λ, r), (65)
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where α(mi,Λ, r) is a dimensionless function expressed by the overlap integral of the
mode-functions and the SUSY-breaking functions fhbg, f
G
bg and 〈Ay〉. The gaugino mass
is induced by the non-zero 〈Ay〉, and roughly estimated as
mg ∼ Λ
3
M2pl
. (66)
Here, we have supposed that arg(φhbg) varies with O(1) amplitude as y goes from 0 to πr.
These estimations are modified if the hidden sector involves more than one mass scales.
For example, in the case that mi ∼ Λ and α = O(1), the above expressions mean that
the gaugino mass is much smaller than the scalar masses if Mpl ≫ Λ. However, as seen in
Sect. 3.3.3, α can be exponentially small. In such a case, the gaugino mass can dominate
the scalar masses.
If the warp factor is not so large, the gaugino mass is also estimated from Eq.(60) as
mg ∼ |∆ϑA|
r
, ∆ϑA ≡
{
ϑA(πr)− ϑA(−πr) for S1-compactification
ϑA(πr)− ϑA(0) for S1/Z2-compactification (67)
where ϑA(y) is defined in Eq.(29). Comparing this and Eq.(66), we can see that r
−1 ∼
Λ3/M2pl ≪ Λ when ∆ϑA = O(1) and Mpl ≫ Λ. In fact, since Λ−1 is the characteristic
length of the nontrivial field configuration, the radius r is generally larger than Λ−1.
Since the SUSY breaking effects are suppressed by the Planck scale, our scenario can be
considered as a kind of the gravity mediation. However, there are some points that should
be noticed. First, from the viewpoint of the effective theory, SUSY breaking cannot be
regarded as the spontaneous breaking because the order parameter of SUSY breaking ΛS
is roughly of O(Λ) and is generally higher than the compactification scale r−1, which is the
cut-off scale of the 3D effective theory. Second, the induced SUSY breaking scale in the
effective theory can be suppressed by the overlap integral of the mode functions and the
SUSY-breaking functions. (See α in Eq.(59).) Third, the gaugino mass can be induced
by non-zero 〈Ay〉 without introducing a non-minimal gauge kinetic function. This is very
similar to the Scherk-Schwarz (SS) SUSY breaking in the flat space-time. However, this
breaking is irrelevant to the U(1)R twisting since U(1)R is a symmetry after the gauge
fixing and independent of U(1)A, which is completely fixed by the gauge fixing condition.
In addition, 〈Ay〉 is not an input parameter as in the SS breaking, but is determined by
the hidden sector dynamics and has a nontrivial y-dependence. Further, the non-zero
〈Ay〉 indicates that the background configuration is non-BPS as mentioned above. Thus,
it inevitably leads to SUSY breaking terms that associate with fhbg and f
G
bg, to which the
SS breaking does not have any resemblances.
To investigate more phenomenological aspects, we should extend our discussion to 5D
SUGRA. Note that the procedure explained in this paper requires only the knowledge
of the superconformal formulation of 4D SUGRA and the 3D superfield formalism. The
4D superfield formalism is not necessary. Therefore, when we extend our method to
5D SUGRA, we do not need to deal with the unknown 5D superfield formalism. The
5D superconformal formulation and the well-known 4D N = 1 superfield formalism are
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enough. The former has already been studied in Ref. [12, 17], and the 5D invariant action
is provided in Ref. [18]. So we can utilize their results. Our strategy in this paper can
basically be extended to 5D SUGRA straightforwardly, but there are some subtle points.
For example, all hypermultiplets are charged under the central charge group U(1)Z [17],
which has no corresponding group in the 4D case. The U(1)Z transformation of the
hypermultiplets is highly nontrivial, and thus some special treatment for the U(1)Z gauge
multiplet is necessary in the superfield formalism. However, we expect that these subtle
points do not cause serious difficulties, and can be solved by slight modifications of our
method. Research along this direction is now in progress. Including the brane-localized
terms in the discussion is also an interesting issue. We will discuss these subjects in the
subsequent paper.
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A Notations
A.1 Superconformal formulation of 4D SUGRA
Basically, we follow the notations of Ref. [11] for the four-dimensional bulk theory.
Our notations can be obtained from those of Ref. [12] by rewriting spinors into the
2-component representation and replacing each quantity as follows.
Metric:
ηab → −ηab. (68)
Superconformal gauge fields:
e aµ → e aµ , ψαµ →
κ
2
ψαµ , bµ → bµ, Aµ → −
4
3
Aµ,
ω abµ → −ω abµ , φαµ → iϕαµ, f aµ → −f aµ . (69)
Real general multiplet:
C → C, ζ → −ζ, 1
2
(H + iK)→ iH,
Ba → −Ba, λα → λα, D → D. (70)
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Chiral multiplet:
A → φ, χα → −
√
2χα, F → −F . (71)
In the following, we will collect some important expressions in our notations.
4D superconformal algebra:
[Mab,Mcd] = i (ηadMbc + ηbcMad − ηacMbd − ηbdMac) ,
[Mab, Pc] = i (ηbcPa − ηacPb) , [Mab, Kc] = i (ηbcKa − ηacKb) ,
[D,Pa] = −iPa, [D,Ka] = iKa, [Pa, Kb] = 2iMab − 2iηabD,
[A,Qα] = Qα, [A, Sα] = −Sα,
[Pa, Sα] = −i (σa)αα˙ Q¯α˙, [Ka, Qα] = −i (σa)αα˙ S¯α˙,
[Mab, Qα] = i (σab)
β
α Qβ , [Mab, Sα] = i (σab)
β
α Sβ,
[D,Qα] = − i
2
Qα, [D,Sα] =
i
2
Sα,{
Qα, Q¯α˙
}
= 2 (σa)αα˙ Pa,
{
Sα, S¯α˙
}
= 2 (σa)αα˙Ka,
{Qα, Sβ} = −2ǫβγ
(
σab
) γ
α
Mab + 2ǫαβD + 3iǫαβA, (72)
All the other commutators vanish.
Transformation law of the gravitational multiplet:
δe aµ = iκ
(
ǫσaψ¯µ + ǫ¯σ¯
aψµ
)− λDe aµ ,
δψαµ = 2κ
−1Dhµǫα −
1
2
λDψ
α
µ − iϑAψαµ + (η¯σ¯µ)α ,
δAµ = ∂µϑA − 3 (ǫϕµ + ǫ¯ϕ¯µ) + 3κ
2
(
ηψµ + η¯ψ¯µ
)
, (73)
where Dh is a covariant derivative with respective to the homogeneous transforma-
tions Mab, D,A.
Dhµǫα = ∂µǫα −
1
2
ω abµ (ǫσab)
α +
1
2
bµǫ
α + iAµǫ
α. (74)
Transformation laws of the other multiplets can be read off from Ref. [12] by the
replacements (68)-(71).
Multiplication laws of chiral multiplets:
From a set of chiral multiplets ΣI = [φI , χIα,F I ], we can produce a new chiral
multiplet W (Σ) where W is an arbitrary function.
W (Σ) = [W (φ),WIχ
I
α,−
1
2
WIJχ
IχJ +WIF I ]. (75)
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If a function G involves both chiral and anti-chiral multiplets, it induces a general
multiplet G(Σ, Σ¯) = [CG, ζGα ,HG, BGa , λGα , DG] with
CG = G(φ, φ¯),
ζGα = −
√
2iGIχ
I
α,
HG = i
2
GIJ
(
χIχJ
)− iGIF I ,
BGa = −iGIDaφI + iGJ¯Daφ¯J¯ +GIJ¯
(
χIσaχ¯
J¯
)
,
λGα =
√
2GIJ¯
{(
σaχ¯J¯
)
α
DaφI + iF¯ J¯χIα
}
− i√
2
GIJ¯K¯
(
χ¯J¯ χ¯K¯
)
χIα,
DG = GIJ¯
{
−2Daφ¯J¯DaφI − iχIσaDaχ¯J¯ − iχ¯J¯ σ¯aDaχI + 2F¯ J¯F I
}
+GIJK¯
{
iχJσaχ¯K¯DaφI − F¯ K¯
(
χIχJ
)}
+GIJ¯K¯
{
iχ¯K¯ σ¯aχIDaφ¯J¯ −F I
(
χ¯J¯ χ¯K¯
)}
+
1
2
GIJK¯L¯
(
χIχJ
) (
χ¯K¯χ¯L¯
)
, (76)
where Dµ is the superconformal covariant derivative.
F -term action formula:
For a chiral multiplet Φ(w=3) = [φ, χ,F ] with weight w = 3 (n = 2), we can construct
the following superconformal invariant action:
SF =
∫
d4x
[
Φ(w=3)
]
F
≡
∫
d4xe
[
F +
√
2iψ¯aσ¯
aχ− 4ψ¯aσ¯abψ¯bφ+ h.c.
]
. (77)
D-term action formula:
For a real general multiplet V = [C, ζα,H, Ba, λα, D] with weight w = 2, n = 0, we
can construct the following invariant action:
SD =
∫
d4x
[
V (w=2,n=0)
]
D
≡
∫
d4xe
[
D − ψaσaλ¯+ ψ¯aσ¯aλ− 2iǫabcdψaσbψ¯c
(
Bd + ψdζ + ψ¯dζ¯
)
+
1
3
{
R(ω) + 4e−1ǫabcd
(
ψaσdDhb ψ¯c − ψ¯aσ¯dDhbψc
)}
C
+
4i
3
(
ζσabDhaψb − ζ¯ σ¯abDhaψ¯b
)]
, (78)
where
R(ω) ≡ e µa e νb R abµν (ω) = 2e µa e νb ∂µω abν + ω acb ω bac − ω aca ω bbc ,
Dhµψαν ≡ ∂µψαν −
1
2
ω abµ (ψνσab)
α +
1
2
bµψ
α
ν + iAµψ
α
ν . (79)
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Gauge fixing conditions:
The first condition in Eq.(9) comes from the requirement that the Einstein term
should be canonically normalized. Namely, C in Eq.(78) should be fixed as
C = −φ¯Σ¯φΣ exp
{
−κ
2
3
∑
I 6=0
φ¯I¯φI
}
= − 3
2κ2
. (80)
This condition does not determine the phase of φΣ. Here, we have chosen it so that
φΣ is real.
The second condition comes from the requirement that a mixing kinetic term be-
tween the gravitino ψµ and the chiral fermions χ
I should vanish. Namely, the
condition is
ζα = −
√
2iφ¯Σ¯ exp
{
−κ
2
3
∑
I 6=0
φ¯I¯φI
}
·
(
κ2
3
φΣ
∑
J 6=0
φ¯I¯χIα − χΣα
)
= 0. (81)
Under the above two conditions, the dependence of the action S on bµ (the gauge
field for the dilatation D) becomes a surface term and vanishes.
S|bµ = −2
∫
d4x ∂µ(eb
µ) = 0. (82)
Therefore, we can fix bµ to an arbitrary value. Here, we have fixed it to zero.
A.2 Notations for 3D theory
The notations for the 3D theories are as follows.
We take the space-time metric as
ηmn = diag(−1,+1,+1), (83)
where m,n = 0, 1, 3.
The 3D γ-matrices, (γm(3))
β
α , can be written by the Pauli matrices as
γ0(3) = σ
2, γ1(3) = −iσ3, γ3(3) = iσ1, (84)
and these satisfy the 3D Clifford algebra,
{γm(3), γn(3)} = −2ηmn. (85)
The generators of the Lorentz group Spin(1, 2) are
γmn(3) ≡
1
4
[γm(3), γ
n
(3)]. (86)
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The relations between the 4D σ-matrices and the above γm(3) are
(σa)αβ˙ = (γ
0
(3), γ
1
(3),−1, γ3(3)) γα (−σ2)γβ,
(σ¯a)α˙β = (−σ2)αγ(γ0(3), γ1(3), 1, γ3(3)) βγ , (87)
(σmn) βα = (γ
mn
(3) )
β
α ,
(σm2) βα =
1
2
(γ
m
(3))
β
α . (88)
Note that, in three dimensions, there is no discrimination between the dotted and undotted
indices.
The spinor indices are raised and lowered by multiplying σ2 from the left.
ψα = (σ
2)αβψ
β, ψα = (σ2)αβψβ. (89)
We take the following convention of the contraction of spinor indices.
ψ1ψ2 ≡ ψα1ψ2α = (σ2)αβψα1ψβ2 = ψ2ψ1. (90)
B Radion superfield
To identify the radion superfield, we will revive the extra components of the Weyl mul-
tiplet e 2y , ψ
α
y and Ay as fields, while other components are kept to be their background
values. Then, we will consider the transformation laws of them under the global SUSY
transformation δ(ǫ0) defined by Eqs.(16) and (17). If we decompose ψ
α
y as
ψαy =
eiϑ0√
2
(
ψαRy + iψ
α
Iy
)
, (91)
we can easily show that
δ(ǫ0)ψ
α
Iy = 0. (92)
So we can put the gauge fixing condition,
ψαIy = 0. (93)
Under this gauge fixing, δ(ǫ0) is closed among the extra components of the Weyl multiplet,
and we can construct a following superfield.
T ≡ eδ(θ)e 2y = e 2y − κe
A
2 θψR2 +
eA
2
θ2(2Ay). (94)
This corresponds to the radion superfield. However, when a bulk scalar field is responsible
for the radius stabilization, its fluctuation is entangled with the fluctuation of e 2y . Thus,
we have to diagonalize the coupled system to obtain the physical radion [19].
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